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Abstract
Background: To describe and analyze growth curves of body mass 
index (BMI) and height according to sexual maturation status in chil-
dren and adolescents aged 8-14 years old in the city of Florianópolis, 
Santa Catarina, Brazil.
Methods: Cross-sectional study conducted in 2007 with a random 
sample of 2,339 students from public and private elementary school. 
Excess weight was determined by BMI curves of the World Health 
Organization according to sex and age. Sexual maturation was self-
assessed and classified according to Tanner stages of sexual develo-
pment. Tertiles of age in each sexual maturation stage were used to 
classify individuals in early, normal or late sexual maturation. Growth 
curves of BMI and height were estimated using median values for each 
sex, using six degree polynomial to smooth the curve.
Results: We observed different growth curves of BMI and height 
according to sexual maturation status for both boys and girls. Early 
sexual maturation is associated with increased BMI z score to boys 
until 11 years of age and to girls in all groups age, and with increased 
height z score to boys in all age groups and in girls of 9-12.5 years 
of age. Late sexual maturation is associated with lower values of BMI 
Z score in boys between 10 to 12 years of age and slower evolution 
of BMI Z score in girls.
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Introduction
In recent decades, concern surrounding excessive 
body mass index (BMI) gain increased the use of 
growth curves in the analysis of the relationship 
among anthropometric indicators of growth, nutri-
tional status and health of children and adolescents. 
[1] However, assessing nutritional status using only 
BMI and height cannot accurately identify changes 
in body composition in this population, as both tend 
to increase significantly in each sexual maturation 
stage. [2, 3, 4] 
Although growth and sexual maturation occur si-
multaneously and both promote changes in shape, 
size and body composition, growth involves quan-
titative biological aspects, while sexual maturation 
is a biological phenomenon which takes place in 
puberty and is related to the maturation of sex or-
gans and their functions. [5, 6] 
In addition, changes in body composition during 
puberty occur in different ways for males and fe-
males, while boys have an increase in fat-free mass, 
girls have an increase in fat mass. [7, 8] Studies have 
shown that children with early sexual maturation 
tend to be heavier, stronger and higher during ado-
lescence compared to those with normal or late se-
xual maturation. [9, 10] 
It is important to note, though, that this prema-
ture gain does not seem to translate into greater 
height in adulthood in both females [10] and males. 
[11] On the other hand, there are indications that 
early sexual maturation increases the risk of exces-
sive adiposity in adulthood in males [13] and leads 
to higher BMI in early adulthood in females. [14] 
For these reasons, graphical representations of 
growth indicators accounting for sexual maturation 
stages in boys and girls become an important tool 
to better understand changes in body composition. 
Despite this fact, sexual maturation is still under 
explored in most studies investigating the relations 
of anthropometric indicators of growth, nutritional 
status and health.
Therefore, considering that growth curves are not 
described according to sexual maturation status and 
that sexual maturation status can change the shape 
of growth curves for BMI and height, the objective 
of the study was to describe and analyze BMI and 
height growth curves according to sexual maturation 
status in children and adolescents aged 8-14 years in 
the city of Florianópolis, Santa Catarina, Brazil.
Methods
Cross-sectional study conducted in the city of Floria-
nópolis, Santa Catarina, southern Brazil, from April 
to October 2007. The study was planned according 
to guidelines of the Strengthening the Reporting 
of Observational Studies in Epidemiology (STRO-
BE). [15] Sampling details can be found in other 
publications. [16-18] The closest relatives, carers or 
guardians had to consent writing children's partici-
pation in the study according with a term Informed 
Consent (IC). The study was approved by the Ethics 
Committee 83 of the Federal University of Santa 
Catarina (nº 028/06).
Briefly, for sample size calculation, the following 
parameters were assumed: excess weight prevalen-
ce of 22.1% for children aged 7-10 years [16] and 
12.6% for those aged 11-14 years; [19] acceptable 
error of 3 percentage points; two-tailed test; con-
fidence level of 95%; design effect of 1.5; and an 
Conclusion: The sexual maturation seems to affect directly the evo-
lution of BMI and height and should be considered in the assessment 
of nutritional status during childhood.
Keywords
Schoolchildren; Curves; 
Growth; Obesity; 
Sexual Maturation.
InternatIonal archIves of MedIcIne
Section: epidemiology
Issn: 1755-7682
2015
Vol. 8 No. 234
doi: 10.3823/1833
© Under License of Creative Commons Attribution 3.0 License 3
addition of 10% for losses. The sampling procedure 
was probabilistic, stratified by clusters and perfor-
med in two stages (school and children).
Schools were grouped in four strata, according 
to geographical area (center/continent or beaches) 
and school type (public or private). In the first stage, 
schools were randomly selected from each stratum. 
From 87 schools (33 private and 54 public), 6 private 
and 11 public schools were selected. In the second 
stage, children and adolescents were randomly se-
lected according to age. 
Anthropometric measurements were performed 
according to WHO guidelines [20], proposed by 
Lohman et al. [21]. The team responsible for data 
collection included 10 people previously trained in 
a workshop held between September 2006 and 
March 2007, which consisted of theoretical and 
practical sessions on anthropometric measurements. 
We performed pilot study and standardization 
anthropometric measures (assessment of intra- and 
inter- observer errors) [22] in two schools (one public 
and one private), which were excluded from the 
sampling of the study.
Excess weight was determined using growth 
curves of BMI for age and sex, proposed by the 
World Health Organization. [23] Height and BMI 
were analyzed by Z score values (height and BMI Z 
score) according to age and sex. A threshold of five 
was adopted to classify implausible values of height 
and BMI Z score. [23] 
Birth weight was reported by parent or primary 
caregiver, who was asked to check the participant’s 
health record. Values were classified according to 
the World Health Organization cutoff values [20] 
into low (< 2.500 g), normal (≥ 2.500 g - 3.999 g) 
and high birth weight (≥ 4.000 g). Maternal nutritio-
nal status was evaluated by BMI, using self-reported 
weight and height and classified according to the 
World Health Organization criteria [23] as normal 
weight (< 25kg/m2) and excess weight (≥ 25kg/m2).
Further information (name, date of birth, school 
grade and type of school) was obtained in docu-
ments provided by the school. The type of school 
refers to public or private. Information about com-
muting to school was collected by an illustrated 
questionnaire and subjects were classified as active 
(walking and biking) or inactive (car, bus, passenger 
in motorcycle or bicycle).
Sexual maturation was determined based on the 
stages of development proposed by Tanner, com-
prising five stages of development of genitals (ma-
les) [25] and genitals/breasts (females). [26] Children 
and adolescents received instructions individually by 
a research team member in a private environment 
and were asked to perform a self-evaluation.
Tertiles of age (in decimals) for each of the five 
development stages were estimated for both sexes. 
[27] For each stage, school children were divided in 
early sexual maturation (below first tertile of age), 
late sexual maturation (second tertile or more) and 
normal sexual maturation or reference group (bet-
ween the first and the second tertile). 
BMI and height growth curves according to se-
xual maturation status –early, normal and late– were 
estimated using median values of age (in years) for 
both sexes, using 6th degree polynomial to smooth 
the curve.
In order to describe the study sample, prevalence 
of overweight, birth weight, active commuting to 
school, school type and maternal overweight were 
presented in absolute and relative frequency by sex 
and analyzed using Rao-Scott test.
Age, BMI and height Z score did not follow a 
normal distribution (Shapiro-Wilk test with p <0.05) 
and, thus, they were presented as medians and 25th 
and 75th percentiles and analyzed by sex using 
Mann-Whitney test.
Due to the stratified probabilistic sampling, esti-
mates accounted for sampling weights and strata 
using svy command. The significance level was 95%. 
The statistical program used was Stata (Statistical 
Software for Professionals, Texas) version 11.0®.
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Results
Of the 2,898 potentially eligible participants, 289 
aged seven, 197 with no data on sexual maturation 
and 73 with inconsistent data on sexual matura-
tion were excluded. 2,339 participants aged 8 to 
14 years (52.3% female) were included, resulting 
in a response rate of 82.8%. There were no sta-
tistically significant differences in the prevalence 
of overweight, BMI Z score values, height Z score 
values and other variables between excluded indi-
viduals and study participants.
Male students had higher BMI Z score (p <0.001), 
height Z score (p = 0.002), prevalence of overweight 
(p <0.001) and of high birth weight (p <0.001). The-
re were no differences in other variables (Table 1).
By analyzing BMI growth curves according to se-
xual maturation status in boys (Figure 1A) and girls 
(Figure 1B), it is observed: i) lower values of BMI Z 
score for boys with late sexual maturation from 10 
to 12.5 years of age (Figure 1A); ii) trend of higher 
BMI Z score values in girls with early sexual matu-
ration from all age groups (Figure 1B); iii) slower 
evolution of BMI z score in girls with late sexual 
maturation (Figure 1B).
Comparing the evolution of height Z score curves 
according to sexual maturation stages (early, normal 
and late), it is noticed: i) greater height-for-age in 
early maturing boys from all age groups and lower 
height for those with late sexual maturation (Figure 
2A); ii) greater height in early maturing girls from 
nine to twelve years of age and; iii) lower height for 
late maturing girls from 9 to 14 years old (Figure 
2B).
Discussion
Analysing BMI and height growth curves of children 
and adolescents aged 8-14 years according to se-
xual maturation resulted in three main findings: i) 
BMI and height growth curves differ according to 
sexual maturation status for both boys and girls; ii) 
Early sexual maturation is associated with increased 
BMI z score to boys until 11 years of age and to girls 
in all groups age, well as with increased height to 
boys in all age groups and in girls of 9-12.5 years of 
age; iii ) Late sexual maturation status is related to 
lower BMI Z score in boys from 10 to 12 years old 
and slower evolution of BMI Z score in girls.
This study has some strengths that differentiate 
those found in the literature as sample size and ho-
mogeneity of study population, such as low sample 
Table 1.  Distribution of female victims of rape as 
a category of gestational age and socio-
demographic characteristics, São Paulo, 
1994-2013.
Study 
variables
Males Females
p§
(47.7%) (52.3%)
Median (p25; p75)*
Age (years) 11 (10 ; 13) 12 (10 ; 13) 0.530
BMI Z score 0.51 (-0.22 ; 1.42) 0.21 (-0.41 ; 0.96) <0.001
Height Z 
score
0.25 (-0.41 ; 0.99) 0.11 (-0.52 ; 0.79) 0.002
%
Excess 
weight
34.4 24.0 <0.001
Sexual maturations stage
Early 33.1 32.5
0.940
Late 32.2 32.7
Maternal 
excess 
weight 
31.0 33.4 0.310
Birth weight (grams)
< 2,500 5.8 8.3
<0.001
> 4,000 14.4 8.1
Active 
commuting 
to school
43.6 45.0 0.560
School type
Public 65.4 65.5
0.970
Private 34.6 34.5
* p25 and p75: percentiles 25 and 75, respectively;
§ Mann-Whitney test (quantitative variables) and Rao-Scott 
test (qualitative variables).
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Figure 1:  BMI Z score growth curves according to sexual maturation classification in male (A) and female (B) 
children and adolescents. Florianópolis, southern Brazil, 2007.
Figure 2:  Height Z score growth curves according to sexual maturation classification in male (A) and female 
(B) children and adolescents. Florianópolis, southern  Brazil, 2007.
loss and rigorous sampling procedures, collection 
and analysis of data, reducing the possibility of se-
lection and measurement bias, which combined 
with the school-based characteristic, reinforce the 
study’s internal and external validity.
A limitation of the study may be related to the 
use of self-assessed sexual maturation. However, 
this procedure on field research has been valida-
ted in studies with Brazilian adolescents, [28, 29] 
which show a good correlation (r= 0.80) between 
the measurements from self-evaluation and from 
experienced personnel.
In general, children and adolescents with early se-
xual maturation have higher values of BMI Z scores 
and greater height-for-age (height Z score). These 
findings reinforce the trend that BMI is strongly as-
sociated with height in cases of early puberty in 
both sexes, which did not occur at late puberty. [30] 
In this context, Silva et al. [31] and Soares et 
al. [32] emphasize that the observation of the sex 
maturation stage enables the acquisition of more 
concrete data on the actual changes occurring in 
population groups at any stage of development.
Concerning the biological aspect of BMI relation 
to sexual maturation, it is evident that the measu-
rement of body weight and its main components 
(fat mass and lean mass), especially during puberty, 
have different rhythms and proportions between 
the sexes and among ethnicities. In addition, con-
cerning environmental issues, community-specific 
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references may reflect more clearly nutritional cha-
racteristics and growth trend of each population.
Studies evaluating BMI patterns in relation to se-
xual maturation are scarce and difficult to compare 
given the methodological specificities. Díazet al. [3] 
evaluated children and adolescents from 7 to 17 
years of age, of both sexes, and concluded that 
BMI increased significantly in every sexual matura-
tion stage (0.5 to 1.3 kg/m2).
In our study, the influence of sexual maturation 
stages on BMI was less evident in males compared 
to females. In fact, there are studies indicating that 
sexual maturation status was either not significantly 
related to increased BMI [33] or weakly correlated 
with BMI in males. [34] 
However, our results suggest that males with early 
sexual maturation presented an early increase in BMI, 
contrasting with the fact that males with late sexual 
maturation only achieved BMI values similar to the 
other groups around the age of 13 years.
Van Lenthe et al. [35] also observed that adiposity 
decreased in the presence of early sexual maturation 
at ages 13, 14 and 15 years, while it increased in 
late sexual maturation among boys. As noted in this 
study, it seems that, regardless of the anticipation 
of pubertal events, BMI values tend to adjust in late 
adolescence, due to changes in fat or lean mass.
In several studies, [27, 36-38] female children and 
adolescent with early maturation had higher BMI 
values, as in this study. 
More specifically, our findings corroborate the 
conclusions of Biro et al., [14] which showed that 
children and adolescents (9 and 19 years) with early 
sexual maturation showed greater median BMI 
along the entire follow-up period (10 years), com-
pared with normal and late maturing individuals.
Although an increased BMI may cause early ma-
turation, [2, 39] it is important to note that sexual 
maturation and increased BMI are phenomena that 
occur in parallel, it is difficult to establish whether 
increased BMI is a consequence or an early deter-
minant of precocious puberty.
Undoubtedly, this remains a matter of debate, 
[40] since it is difficult to separate the effects of 
early obesity from the effects of early maturation. 
[41] Regardless of these trends, our findings indicate 
that the evolution of BMI in children with normal or 
late maturation is slower, which could be protective 
against overweight in adulthood. In this sense, lon-
gitudinal studies can provide more conclusive results 
on this topic.
With regard to the association between sexual 
maturation stage and height, the results of this stu-
dy confirmed the trend towards greater height for 
age during the pubertal period among early matu-
ring individuals of both sexes.
Several studies found similar trends to those des-
cribed in this study. In a cross-sectional study, Ada-
mi and Vasconcelos [27] showed that children and 
adolescents from both sexes (10 to 14 years old) 
with early sexual maturation have greater height for 
age when compared to those who do not have 
early sexual maturation. Besides, Lewitt et al. [30] 
studied the relationship among sexual maturation 
stages, BMI and height of boys and girls aged 8 
years or more and concluded that BMI is strongly 
correlated with height in cases of early puberty in 
both sexes.
Women with early puberty have a rapid physical 
growth in early life, but shorter stature in adult life. 
[11] According to a systematic review by Onland-
Moret et al. [41], girls with early sexual maturation 
have lower adult height compared with normal or 
late maturing girls.
Biologically, the early onset of puberty can lead 
to an acceleration of skeletal maturation and lower 
pre-pubertal growth due to the closure of epiphy-
seal cartilage of long bones. [43] Indeed, according 
Biro et al., [14] early maturing girls were shorter in 
early adulthood, although they had higher growth 
peak initially and greater increase in weight after 
menarche. Regarding the higher initial growth peak, 
the findings are similar to those identified in this 
study.
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Thus, it is likely that subjects who have early se-
xual maturation have greater height for age only 
during puberty years. This is explained as the simul-
taneous occurrence of early development of secon-
dary sexual characteristics and the growth curve is 
common.
On the other hand, individuals with late sexual 
maturation can have greater stature in adulthood. A 
study evaluating the relationship between the onset 
of puberty and height at 18 years of age found 
that girls with late onset of breast development and 
of menarche were higher in adult life: each year 
increase in age of these markers were associated 
with 0.46 cm and 0.59 cm increase in height at 18 
years old, respectively. [44] 
Apparently, even though individuals with early 
sexual maturation may be higher, a smaller gain in 
height during adolescence contrasts the beneficial 
effect of greater height during the early years of 
puberty in early maturing. [27] 
This is justified by the tendency that early sexual 
maturation is associated with lower height gains 
during adolescence. [45] However, longitudinal stu-
dies, including genetic components and hormonal 
factors, are needed to better understand the bio-
logical mechanisms behind these associations. [46] 
Research should be implemented to give visibili-
ty to situations like these, however, while in Brazil 
the scientific production has been increasing signi-
ficantly increase with the proper training of health 
professionals who work with research in project 
management [47, 48].
Our results indicate that sexual maturation sta-
tus seems to affect directly the evolution of BMI 
and height, increasing BMI and height in early se-
xual maturation, reducing BMI of boys and causing 
slower evolution of BMI in late sexual maturation.
The graphical representation of these indicators 
facilitates the interpretation of data and promotes 
the understanding of BMI and height patterns du-
ring puberty. The trend of higher BMI Z scores and 
a greater height for age in children and adolescents 
with early sexual maturation should be seen as an 
important factor for nutritional status. Therefore, 
it is important to consider the sexual maturation 
status in the assessment of nutritional status during 
childhood.
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